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Part of machine element, require time to design, to calculate and to produce it. 
Production of helical gears passes through these processes. In this article is considered 
that production of these gears was made by milling machine. The goal is to minimize 
the time that needed to calculate the kinematic chain that is used to create the helical 
profile of gear. Kinematic chain contains the gears train with given set gears of the 
milling machine that mounted between driven shaft and raw part. Gear train usually is 
with two or three steps. An optimization algorithm will be used to find the correct tooth 
numbers of the gears train that gives the required transmission rate with acceptable 
accuracy. Genetic algorithm (GA) method has been used to find the optimal solution 
where the numbers of the teeth were variables and the transmission rate was the 
objective function. 
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1. INTRODUCTION 
 
Traditional metal cutting machines are often used in the production of machine elements 
such as helical gears or helical channels. In general, this way of production is very 
widespread as most of the production machines are metal cutting machines.  
In this research work we have used a universal milling machine equipped with a gear 
train and an index plate. Index plate has transmission rate, generally iIP = 40 [1]. 
Kinematic chain contains the gears train with given set gears of the milling machine that 
mounted between driven shaft and raw part. Gear train usually is with two or three 
steps. Furthermore, an optimization algorithm has been implemented to find the correct 
tooth numbers of the gears train that gives the required transmission rate with 
acceptable accuracy. Based on it, Genetic algorithm (GA) method has been used to find 
the optimal solution for calculation of the gear train [2-4].  
2. HELICAL GEAR 
In the Figure 1 is shown the geometry of the helical gear and its terminology [5-8]. 
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Figure 1. Helical gear geometry and terminology [5-8] 
Below are shown the technical data of the helical gear to be produced, Table 1: 
 
Table 1. Technical data of the helical gear to be produced 
Term Symbol Value Units 
Module 𝑚𝑛 6 mm 
Tooth number 𝑧 15 - 
Pressure angle 𝛼 20 degree 
Helix angle 𝛽 20 degree 
Pitch diameter 𝑑 95.776 mm 
Outside diameter 𝑑𝑎 107.776 mm 
Root diameter 𝑑𝑓 80.776 Mm 
Face width 𝑏 100 Mm 
3. KINEMATIC RELATION BETWEEN MACHINE DRIVEN 
SHAFT – RAW GEAR 
Figure 2 depict the helical line for a point of the pitch diameter and its elevation for a 
complete rotation. The relation between the route of the metal cutting machine, helix 




Figure 2. Helical gear geometry and terminology 






Figure 3. The triangle of the relation between the metal cutting machine and the gear 
From the geometry we can received the equation (1): 
 
tan() =
𝜋 ∙ 𝑚𝑛 ∙ 𝑧
cos⁡(𝛽)
𝑡𝑓 ∙ 𝑖𝐷𝑖𝑣 ∙ 𝑖𝐺𝑢𝑖
 (1) 
where tf = 6 mm– milling machine step value, iDiv = 40 – index plate transmission 
ratio, iGui – the transmission ratio of the gear train that needs to be determined 
From equation (1), to define the transmission ratio of the gear train, the general 
expression is derived as follows: 
𝑖𝐺𝑢𝑖 =
𝜋 ∙ 𝑚𝑛 ∙ 𝑧
𝑡𝑓 ∙ 𝑖𝐷𝑖𝑣 ∙ sin⁡()
 (2) 
Based on the technical data of Table 1 and from the characteristics of the metal 
cutting machine we have the value that correspond to iGui = 3.6742.  
4. GEAR TRAIN 
This kinematic chain usually consists of two transmission ratios [1, 9, 11] as shown in 
Figure 4 and 5. The gears have a module equal to 1 mm and are taken from the machine 
set. 
 
Development of Optimal Transmission Rate of the Kinematic Chain by using Genetic Algorithms 





Figure 4. The gear train composition for a right-hand helical gear 
 
Figure 5. The gear train composition for a left-hand helical gear 
The gear set is specific to the metal cutting machine. In the milling machine in this 
case, repetition of gear teeth number is possible. This set is given in Table 2. 
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Table 2. Gear set used in the gear train. 
15 21 27 33 39 45 51 57 63 69 75 81 87 93 99 
16 22 28 34 40 46 52 58 64 70 76 82 88 94 100 
17 23 29 35 41 47 53 59 65 71 77 83 89 95 - 
18 24 30 36 42 48 54 60 66 72 78 84 90 96 - 
19 25 31 37 43 49 55 61 67 73 79 85 91 97 - 
20 26 32 38 44 50 56 62 68 74 80 86 92 98 - 








= 3.6742 (3) 
The method to calculate the number of teeth from this gear set is the Genetic 
Algorithm Method.  
5. GENETIC ALGORITHM METHOD FOR CALCULATING THE 
NUMBER OF TEETH  
5.1 Objective function 
The objective function for this research work is written by using equation (4) [6]: 






− 3.6742| ≤  = 10−3 (4) 
where 𝑧𝑖 – is the number of teeth taken from the technical data of the gear set. 
5.1.1 Penalty function and geometry  
There are some geometry conditions [6, 12-14] that needed to input as penalty function. 
One of them is that the sum of gear tooth should be larger than the equivalent tooth 











5.2 First generation data 
The algorithm for inserting the data of the first generation, which are taken from the 
table of the gear set, is shown in Figure 6 [3, 9].  
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Figure 6. Creation of the first generation with space 𝑁𝑘 = 20, and limited by geometric 
condition 
The mutation ratio and the crossover ratio are: 𝑝𝑚 = 10% and 𝑝𝑐 = 50%, where 𝑝𝑚 – 
is the mutation ratio and 𝑝𝑐 – is the crossover ratio [1, 6].  
5.3 Fitness function 
After every set of data that, are used the following function coded in Mathcad to 
evaluate them all. The objective function used here is the objective function in equation 
3. The calculation is given in Figure 7. 
 
 


























































Rm n rnd 1( )
m 0 Nk 1for
C0 P0
Cnn Pnn Cnn 1
R C( )
nn 1 Nk 1for
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5.4 Selection function 
In Figure 8 is given the selection program for data selection. 
 
Figure 8. Fitness function  
5.5 Crossover function 
A crossover function Figure 9 is used to determine a data set that converges closer to 
the specified objective. This crossover function is as below: 
 
Figure 9. Crossover function  
5.6 Mutation function 
Lastly, we are going to use another function to further improve the results. This is the 
mutation function, which changes a parameter from the data set to get closer to the 
objective. This mutation function is shown in Figure 10. 
Selection X R C( ) Index
Indexi
j 1 Cj Ri Cj 1if
0 0 Ri C1if
j 0 Nk 2for
i i 1
Index




i 0 Nk 1for
A

CrossOver X n( ) CP P0 Parents X( )
CPi n  rnd 2( )( )
i i 1




P1i augment submatrixP0i 0 CPi 1 0 0 
T




 i rows P0( ) 1if
P1i augment submatrixP0i 0 CPi 1 0 0 
T






i 0 rows P0( ) 1for
Temp2 X P0 P1( )

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Figure 10. Mutation function  
5.7 Genetic algorithm  
Figure 11 shows all the functions above composed together. The created space is 104 
generations, which will be created first, then they will be evaluated by the objective 
function, which in our case is the transmission ratio of the gear train with an error 
acceptance equal to  = 10−3. If a parameter from the data set 𝑧1, 𝑧2, 𝑧3, 𝑧4 completes 




Figure 11. Genetic algorithm used to find number of teeth for a given transmission rate 
 
MutationX( ) B k 0
FP rows X0  rows X( )
Rk rnd FP( )
k k 1



















mod Bj 1 4  
Ztrunc rnd rows Z( )( )( )






Temp1 FF DATA i( )
Temp2 Selection DATA
i 
Temp10 0  
i 
 Temp10 1  






TRUE 1 Fob DATAk i    if
0 otherwise
k k 1











This method is a converging method. This means that it is guaranteed to find a solution. 
After every attempt we get a valid solution which is different from the others because of 
the condition that the accepted error is equal to  = 10−3 and the iteration number is 
also different. Also, the solution time is much shorter with this method than calculating 
by hand. The graph of the objective function for all the solutions until the required 
result is given in Figure 11. The best solution from every generation and the trend of 






Figure 12. Objective function results for each step of genetic algorithm  
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Figure 13. The best results for each generation 
The solutions for the five cases shown in Figures 12 and 13 are listed in Table 3. 
Table 3. Result of optimal transmission rate 
Case I II III IV V 
𝒛𝟏 54 42 22 20 43 
𝒛𝟐 58 67 59 36 90 
𝒛𝟑 19 33 54 24 49 
𝒛𝟒 65 76 74 49 86 
𝒊𝒈𝒖𝒊 3.6745 3.6739 3.6751 3.6750 3.6735 
𝒊𝒓𝒆𝒒 3.6742 3.6742 3.6742 3.6742 3.6742 
𝜺 = |𝒊𝒓𝒆𝒒 − 𝒊𝒈𝒖𝒊| 0.0003 0.0003 0.0009 0.0008 0.0007 












































Based on this research work following conclusions were drawn as follows: 
 With this method we get a faster solution than the classical method for calculating 
this kind of problems.  
 If the problem changes to using a bigger chain train with a much bigger 
transmission ratio, then using the classic method, the solution time changes 
exponentially bigger. This is solved very fast with the genetic algorithm method 
by changing the objective function and the data matrix of the first generation. 
 Even if the database of the gear set changes for any reason (depends on metal 
cutting machine gear set, missing gears etc.), we can directly change the data in 
the first-generation table and keep everything else the same. 
 For every transmission ratio needed, we can find a solution regardless of the 
number of iterations (solutions that depend on the starting data set). 
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